








Non-Pharmacological Tools for Neuroenhancement
Neuroethical Issues*
Abstract
Advances in neuroscience and technology brought us several methods that have potential to 
non-pharmacologically influence our brain. most of these methods are developed with the 
purpose of treating disorders, but also have favourable results on cognition and mood in the 
healthy, and the potential to be used for enhancement purposes. Two categories of methods 
are used for treatments of the brain, methods that apply a magnetic field and those that ap-
ply an electrical current through the scalp. Several methods have been developed that use 
one of these principles for treatment, most important being transcranial magnetic stimula-
tion (TmS) and transcranial direct current stimulation (tDCS).  The aim of this review is 
to give a short overview of different aspects of the most widely used non-pharmacological 
techniques that can be used for enhancement purposes and state the most relevant ethical 
issues related to the safety, influence on character, justice and autonomy of their us. Irre-
spective of the amount of information on the mechanisms and modes of action for specific 
methods, the possible range and scope of their side effects and the implications of their 
potential use for enhancement, have not been emphasized enough. Outside clinical settings, 
these devices are unregulated, with no system in place to ensure their safety. moreover, the 
all-pervading technology that we live surrounded by and the lack of public discourse, all 
contribute against a reasonable and slow approach to their implementation and resulted in 
the spreading and increase in their commercial use.
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netic	 stimulation	 (TMS)	 and	 transcranial	 electric	 stimulation	 (TES	or	 tES,	
also	called	transcranial	current	stimulation,	tCS).	TMS	involves	stimulation	
by	a	magnetic	 field,	with	 the	ability	 to	 focus	and	selectively	 treat	 relative-
ly	narrow	brain	areas.	The	 technique	works	by	delivering	very	brief	single	














































It	 is	 important	 to	 emphasize	 that	 due	 to	 the	 electro-chemical	 nature	of	 the	
brain,	 pharmacological	 treatments	 similarly	 influence	 the	 firing	 and	 trans-
fer	 of	 electrical	 impulses	 between	 neurons.	However,	 as	 drugs	 usually	 act	
via	certain	types	of	receptors,	pharmacological	treatments	come	with	greater	
specificity	than	in	the	case	of	non-pharmacological	treatments.	Nevertheless,	
the	basic	nature	of	 the	produced	stimulus	 in	 the	neurons,	affecting	various	
neurophysiological	functions,	is	the	same	in	both	pharmacological	and	non-
pharmacological	brain	treatments.
Brain stimulation using an electric field































shapes	of	 heads	 (Woods	 et	 al.	 2015).	 In	 addition,	 delivering	direct	 current	
to	 the	 scalp	causes	 tingling	and	 itching	sensations,	which	makes	gaining	a	
proper	control	very	challenging.	Despite	all	this,	as	tDCS	represents	the	sim-






















Transcranial alternating current stimulation (tACS) and transcranial 
random noise stimulation (tRNS)
Much	less	research	has	been	performed	regarding	the	influence	of	alternat-
ing	current	(AC)	on	the	brain,	using	technique	called	transcranial	alternating	
current	 stimulation	 (tACS).	Both	 tDCS	and	 tACS	have	often	been	applied	
at	 the	 same	 time	 in	 the	 same	 study,	which	makes	 results	 about	 the	 effects	
of	 a	 single	 stimulation	 type	 inconclusive	 (Paulus	 2011).	 Sinusoidal	 altera-
tion	induced	by	the	application	of	alternating	current	to	the	brain	tissue	may	
interact	with	physiological	brain	rhythms,	possibly	causing	neuroplastic	ef-





























Brain stimulation using a magnetic field
Transcranial magnetic stimulation (TMS)
Due	to	a	much	higher	strength	of	currents	 that	can	be	induced	in	 the	brain	
tissue,	TMS	is	not	only	a	neuromodulatory,	but	also	a	neurostimulatory	tech-
nique	 (Luber	&	Lisanby	 2014).	The	 generated	magnetic	 fields	 are	 of	 suf-
ficient	density	and	magnitude	to	penetrate	the	scalp	and	induce	a	current	in	
the	brain	tissue	below	the	coil	(Figure	1).	TMS	induces	a	current	that	flows	

















search	 performed	 on	 the	 clinical	 trial	 sites	 resulted	 in	 950	 on-going	 clini-
cal	trials	all	over	the	world,	with	almost	800	in	the	USA	(ClinicalTrials.gov,	
a	service	of	 the	U.S.	National	Institutes	of	Health:	“Clinical	 trials	for	 tran-
scranial	magnetic	stimulation”;	EU	Clinical	trials	register:	“Clinical	trials	for	
transcranial	magnetic	stimulation”;	World	Health	Organization,	International	



























neurophysiological	 alterations	 and	 abnormal	 perceptual	 phenomena	 (Tsang	
et	al.	2004).	Neurobiological	changes	as	a	consequence	of	Shakti	treatments	
have	been	also	observed	in	animals	(Persinger	et	al.	2014).	Most	of	the	re-




amount	of	 research,	 regarding	 the	effects	of	 this	 technology,	has	been	per-





Figure 1. Non-pharmacological treatments with the potential for neuroenhancement: 
transcranial magnetic stimulation (TMS) and transcranial direct current stimulati-












viding	more	 effective	 and	 convenient	 ways	 of	 accomplishing	 a	 variety	 of	
tasks	 and	 are	 usually	 associated	with	 a	 better	 life	 outcome.	Namely,	 there	
is	a	strong	correlation	between	higher	IQ	and	more	success	at	work,	better	














information	 could	 impair	 the	 understanding	 and	 executive	 functions	 (crea-
tive	and	critical	thinking)	and	might	be	a	burden	in	everyday	life.	Similarly,	










































lasting	effects	should	be	 treated	with	 the	same	respect	as	any	surgical	 technique,	and	proper	
























































niques,	 even	 though	 such	 regulation	 is	 extremely	 important	 (Maslen	 et	 al.	

















also	bring	serious	consequences	 to	 individuals	as	well	as	 to	society,	which	
are	now	very	difficult	 to	estimate.	Therefore,	 it	 is	of	utmost	 importance	 to	
regulate	the	use	of	these	techniques	to	prevent	their	application	by	untrained	
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Julija Erhardt, Dubravka Švob Štrac
Nefarmakološki alati za neuropoboljšavanje
Neuroetički problemi
Sažetak
Napredak u neuroznanosti i tehnologiji donio nam je nekoliko metoda s potencijalom nefar-
makološkog utjecaja na mozak. Najveći broj tih metoda razvijen je sa svrhom tretiranja po-
remećaja, ali također imaju pogodne učinke na kogniciju i raspoloženje kod zdravih osoba, te 
potencijal za korištenje u svrhe poboljšavanja. Dvije kategorije metoda koriste se za tretiranje 
mozga; metode koje primjenjuju magnetsko polje i metode koje primjenjuju električno strujanje 
kroz skalp. Razvijeno je nekoliko metoda koje se služe jednim od tih principa, od kojih su najvaž-
nije transkranijalna magnetska stimulacija (TmS) i transkranijalna stimulacija istosmjernom 
strujom (tDCS). Cilj ovog pregleda je dati kratak pregled različitih aspekata najšire korištenih 
nefarmakoloških tehnika koje mogu biti korištene u svrhe poboljšavanja te istaknuti najvažnije 
etičke probleme vezane za sigurnost, utjecaj na osobnost, pravdu te autonomiju upotrebe. Bez 
obzira na količinu informacija o mehanizmima i oblicima upotrebe metoda, mogući opseg i 
domet nuspojava i implikacija primjene nisu dovoljno naglašeni. Izvan kliničkih uvjeta uređaji 
nisu regulirani i ne postoji sustav osiguranja. Nadalje, sveprodiruća tehnologija koja okružuje 
naše življenje i manjak javnog dijaloga štete razvoju sporog i razumnog postupka implementa-





Julija Erhardt, Dubravka Švob Štrac
Nicht pharmakologische Mittel für Neuroverbesserung
Neuroethische Fragen
Zusammenfassung
Die Fortschritte in der Neurowissenschaft und Technologie brachten uns mehrere methoden, 
die ein Potenzial zur nicht pharmakologischen Beeinflussung unseres Gehirns haben. Die 
mehrheit dieser methoden ist zum Zweck der Behandlung von Störungen entwickelt, darüber 
hinaus erzielen sie aber günstige Ergebnisse für die Kognition und Gemütsverfassung bei ge-
sunden Personen und beinhalten das Potenzial für die Verwendung zum Verbesserungszweck. 
Zwei Kategorien von Verfahren werden zur Behandlung des Gehirns verwendet, methoden, die 
ein magnetisches Feld anwenden und jene, die elektrischen Strom durch die Kopfhaut einset-
zen. Es wurden verschiedene methoden entwickelt, die eines dieser Prinzipien zur Behandlung 
verwenden, wovon sich die transkranielle magnetstimulation (TmS) und die transkranielle 
Gleichstromstimulation (tDCS) als bedeutendste erweisen. Die Intention dieses Überblicks ist 
es, ein kurzes Resümee der verschiedenen Aspekte der meistgebrauchten nicht pharmakolo-
gischen Techniken zu geben, die zum Verbesserungszweck verwendet werden können, und die re-
levantesten ethischen Fragen darzulegen, die in Zusammenhang mit Sicherheit, Einfluss auf den 
Charakter, Gerechtigkeit und Autonomie ihrer Verwendung stehen. Ungeachtet der menge an 
Informationen über die mechanismen und Handlungsweisen für bestimmte methoden wurden 
die mögliche Reichweite und der Umfang ihrer Nebenwirkungen und Implikationen bei deren 
potenziellen Verwendung zugunsten der Verbesserung ungenügend hervorgehoben. Außerhalb 
der klinischen Verhältnisse sind diese Geräte nicht reguliert und es besteht kein System an Ort 
und Stelle, um ihre Sicherheit zu gewährleisten. Die alldurchdringende Technologie, die unser 
Leben umgibt, und der mangel an öffentlichem Diskurs, beeinträchtigen zudem gemeinsam eine 
vernünftige und langsame Annäherung an ihre Implementierung und resultieren in der Ausbrei-
tung und Zunahme ihrer kommerziellen Nutzung.
Schlüsselwörter
Neuroethik,	 Neuroverbesserung,	 nicht	 invasive	 Hirnstimulation,	 transkranielle	 Magnetstimulation	
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Des moyens non pharmacologiques pour une 
« neuro-amélioration » (Neuroenhancement)
Problèmes neuroéthiques
Résumé
Les avancées technologiques et en neurosciences ont mis à jour de nombreuses méthodes ayant 
le potentiel d’avoir une influence sur notre cerveau sans avoir recours à des moyens pharma-
cologiques. Alors que la plupart de ces méthodes ont été développées dans le but de traiter 
les maladies, elles ont montré des résultats favorables concernant les capacité cognitives et 
émotionnelles chez des personnes en bonne santé, mais également du potentiel quant à l’amé-
lioration de certaines caractéristiques non pathologiques. Deux catégories de méthodes sont 
utilisées pour les traitements sur le cerveau, celles qui se servent du champ magnétique et celles 
qui appliquent un courant électrique impulsé dans le crâne. Les quelques méthodes développées 
se servent d’un de ces principes pour le traitement des maladies, les plus importantes étant 
la stimulation magnétique transcrânienne (TmS) et la stimulation transcrânienne à courant 
direct (tDCS). Le but de cette recherche est de donner un bref aperçu des différents aspects des 
techniques non pharmacologiques les plus largement pratiquées qui peuvent être utilisées à des 
fins d’amélioration de caractéristiques non pathologiques, mais aussi de mettre en lumière les 
problèmes éthiques liés à la sécurité, à l’influence sur le caractère de la personne, à la justice 
et à l’autonomie de leur utilisation. Bien qu’une quantité d’informations sur les mécanismes et 
sur les modes d’action de ces méthodes spécifiques nous ait été fournie, l’étendue et la portée 
d’éventuels effets secondaires et les implications quant à leur potentiel utilisation pour l’amé-
lioration de nos capacités n’ont pas encore été suffisamment soulignées. Ces dispositifs ne sont 
pas régulés en dehors du cadre clinique et aucun système n’a été mis en place pour assurer leur 
sécurité. De plus, la technologie omniprésente qui nous entoure et le manque de dialogue pu-
blic vont à l’encontre d’une approche raisonnable et lente de leur mise en œuvre, ce qui a pour 
conséquence d’augmenter leur diffusion et leur utilisation à des fins commerciales.
Mots-clés
neuroéthique,	neuroenhancement,	stimulation	non	invasive	du	cerveau,	stimulation	magnétique	trans-
crânienne	(TMS),	Shakti-8,	stimulation	transcrânienne	à	courant	direct	(tDCS),	stimulation	transcrâ-
nienne	à	courant	alternatif	(tACS),	stimulation	sonore	aléatoire	transcrânienne	(tRNS)
